The design of a OTA-C based comb filter is presented in this paper. The comb filter is designed by using only OTA and capacitors, which can be easily fabricated into an IC. The filter was implemented in Tanner EDA tool using 250nm technology. The simulation result shows that this filter was able to provide stop band attenuation of 20db for 50 Hz, 150 Hz and 250 Hz powerline harmonics.
Introduction
Measuring bio-potential signals, such as Electroencephalogram (EEG), Electrocardiogram (ECG), and Electromyogram (EMG) against various contaminating signals in portable biomedical monitoring systems is of great challenge in minimizing the power consumption while maintaining a high performance. The voltage levels of various biomedical signals are given in Table 1 [3] . These powerline interference may be removed by both analog and digital filters. Various methods of noise suppression using analog notch filter at frequency 50 Hz / 60 Hz have been described [2] - [7] .
In this paper an active comb filter using low transconductance OTA is proposed. This filter attenuates signal at 50Hz and its odd harmonics at 150Hz and 250Hz.
The stopband frequency and quality factor of filter can be easily tuned electronically by adjusting the bias voltage of OTAs.
Methodology

RLC notch filter
A simple second order passive notch filter consists of three elements, a resistor, a capacitor and an inductor as shown in Figure 1 . (1) The parameters of the filter are obtained as
A comb filter can be designed by using n-number of such notch filter with different center frequency to remove nnumber of harmonics.Comb filter using notch filter is shown in figure 2.
Paper ID: ART20179073 This comb filter using resistors, inductors and capacitors are too bulky to be fabricated in an IC. One way to eliminate inductors and large valued capacitors and resistors is to model inductors and resistors using active element such as operational transconductance amplifier (OTA).
OTA
OTA is similar to operational amplifiers (OPAMPS), both have differential input with infinite input impedances. The difference is in output, OPAMPS have voltage output with low output impedance and OTAs have current output with infinite output impedance. One advantage of OTA over OPAMP is the transconductance gain (G m ) can be controlled electronically by adjusting bias current. The structure of OTA [8] used in this paper is a symmetrical cascade OTA as shown in figure 3 . Symbolic representation of OTA is show in figure 4 . The relation between transconductance (G m ) and bias current [8] is given as
where B is constant, is mobility of electron, C OX is oxide layer capacitance, I B is bias current which can be controlled by controlling Vbias at the gate of transistor M7 in figure 3 . Various characteristics of OTA such as variation of transconductance (G m ) with frequency and variation of G m with Vbias is given in figure 5 and figure 6 respectively. 
OTA-C based Comb filter
Comb filter can also be designed by using OTA-C notch filters [9] . The circuit of comb filter using the described OTA is shown in figure 7 .This filter consists of only OTAs and capacitors. The filter is modelled according to comb filter shown in figure 2 . The inductor and resistor is modelled using OTAs, the relationship between OTA parameter G m and inductance is given as
and relationship between resistor and G m is given as = 1
from equation (2), (3), (4), (6) and (7), filter parameters at 1 st notch frequency can be obtained as The G m of all OTAs used in the comb filter is set to 78 / by applying Vbias of -0.4V. This gives value of R as 12.8kΩ. The value of capacitor C L1 and C 1 for notch frequency of 50Hz are 60nF and 1000nF respectively. Similarly, capacitor for notch frequency 150Hz and 250Hz are selected as C L2 = 20nF, C 2 = 350nF, C L3 = 130nF and C 3 = 20nF.
Results and Discussion
The comb filter was simulated using TSPICE simulator using 250nm technology. The magnitude and phase response of proposed comb filter is shown figure 8. 
Conclusion and Future Scope
An active comb filter OTA-C filter using low transconductance is proposed. The filter has been designed using 250nm CMOS technology in Tanner EDA tool and tested using TSPICE simulator.The filter performed as expected. This design has more number of active components than [4] , [5] but has less number of passive components. One more advantage of OTA-C based filter design from OPAMP based design is electronic tunability of filter parameters such as center frequency and quality factor by simply controlling the bias current of OTAs. Future scope of this design can be to implement it using 14nm FinFET technology, the improvement will be lower operating voltage which will lower power consumption, more bandwidth andlower area requirement.
